In the dry cask storage of spent nuclear fuels, a stainless-steel canister acts as an important barrier for encapsulating spent fuels. As a result, local corrosion behavior of 304L stainless steel has become an issue of concern in the wet coastal region and salt spray environment. The test was conducted after deposition of simulated sea salt particles on the 304L stainless-steel specimen. It was first covered with a crevice former, and then kept at 45 • C with a relative humidity of 45%, 55%, and 70%, respectively. The surface morphologies and electron back scatter diffraction (EBSD) analysis of the corroded region for the 304L stainless-steel specimen are presented in this paper. The goal of this work was to investigate the crevice corrosion behavior of 304L stainless steel under different chloride concentrations and relative humidity conditions. From the experimental results, a threshold relative humidity for stress corrosion cracking (SCC) initiation of 304L stainless steel was proposed.
Introduction
Stainless steels are widely used as structural materials for nuclear power plants because of their excellent general corrosion resistance and mechanical properties. In the dry storage of spent nuclear fuels, a stainless-steel canister acts as an important barrier for encapsulating spent fuels. The decay heat of spent nuclear fuels dissipates through the canister surface by air cooling. As a result, the canister surface is in contact with air, which contains sea salt particles. It is contaminated by chlorides because the interim storage facilities for spent nuclear fuels were built in coastal regions in Taiwan. The integrity of the canisters must therefore be ensured. However, atmospheric localized corrosion can take place on these canisters when there is aerosol deposition of salt particles on the metal surface [1] .
Crevice corrosion can be a contributing factor to atmospherically-induced stress corrosion cracking (AISCC) by trapping chloride deposits on the canister surface. In the vertical and horizontal systems, crevice conditions are created where the canister makes contact with the storage module support structure. In the HI-STORM system, crevice conditions occur where the multipurpose canister bottom plate contacts the pedestal. In the NUHOMS system, crevice conditions occur where the dry shielded canister contacts the support rails [2] .
Crevice corrosion is a form of localized corrosion on a metal surface at the gap between two joining surfaces which can be formed between two metals or a metal and nonmetallic material. Crevice corrosion is characterized by its diversity compared with other localized corrosion.
Austenitic stainless steels are susceptible to stress corrosion cracking (SCC) in certain environments, such as the SCC induced by sea salt particles and chlorides. The volume increase of corrosion products may generate local stresses at crevice sites to cause the occurrence of SCC. Additionally, Tani and coworkers suggested that the occurrence of crevice corrosion is necessary to initiate SCC on the surfaces beneath sea salt particles [3] .
Many researchers have studied the phenomenon and mechanisms of crevice corrosion [4] [5] [6] [7] . Two mechanisms have been proposed to explain crevice corrosion behavior, namely, critical crevice solution (CCS) and potential drop mechanism [8, 9] . For the critical crevice solution mechanism, the depletion of oxygen within the crevice may result in the acidification of the crevice solution, and this can cause breakdown of the passive film and result in a rapid corrosion of metal. This theory emphasizes the accumulation of aggressive ions (e.g., Cl − ) within crevice and subsequent depassivation followed by active dissolution of base metal. For the potential drop mechanism, the depletion of oxygen within the crevice may result in a potential drop and cause crevice corrosion.
Shoji and coworkers reported the first systematic study of the AISCC phenomenon in terms of temperature, relative humidity (RH), and nature of the chloride salt, and were the first to demonstrate its occurrence in types 304L and 316L stainless steels under ambient conditions. They suggested that MgCl 2 is the sea salt constituent responsible for promoting low temperature AISCC in types 304L and 316L stainless steels [10] . Engelberg and coworkers provided a summary of investigations that focused on the occurrence of the atmospheric chloride-induced stress corrosion cracking (AISCC) phenomenon in types 304L and 316L austenitic stainless steels. They also summarized the RH ranges over which AISCC was observed in the 25 g/m 2 chloride concentration case of sea water and MgCl 2 taken from the work of Shoji and Ohnaka [11] . Padovani and coworkers reported that stainless steel type 316L is susceptible to AISCC at temperatures as low as 30 • C under MgCl 2 deposition [12] . Prosek and coworkers reported that the corrosivity of chloride deposits under given exposure conditions decreased in the following order: MgCl 2 > NaCl. It was governed by the equilibrium chloride concentration in the surface formed as a result of interaction of a given salt with water vapor in the air [13] .
The aim of this work is to investigate the crevice corrosion behavior of 304L stainless steel under different chloride concentrations and RH conditions. Additionally, this work is to provide a better understanding of the SCC from crevice corrosion sites.
Experimental Setup
Dimensions of the specimen and the crevice former used in the present work are illustrated in Figure 1 . The chemical composition of 304L stainless steel is listed in Table 1 . The specimens for the crevice corrosion tests consisted of two parts, specimen and crevice former. The specimens were made from 304L stainless steel, and the crevice former was made from polytetrafluoroethylene (PTFE), both of which were cylindrical. The sizes of specimen and crevice former were different. The specimen and crevice former were fixed with a M6 bolt by means of a torque wrench to apply a 1.13 N m torque force. Two replicate samples were prepared for each experimental condition. The specimen surfaces were polished with alumina powder before crevice corrosion experiments. The 3.5 wt% synthetic sea water was sprayed on the specimen surfaces. After the specimens were dried, the mass change of the specimens was measured so as to calculate the salt loadings in g/m 2 . The chloride concentration of the specimens was 0.1 and 1 g/m 2 . The specification for the chemical composition of sea salt used in the present work was ASTM D 1141-98 (13) Formula a, Table X1 .1, Sec.6. The chemical composition of sea salt is listed in Table 2 . The specimens were placed in a constant-temperature/humidity chamber at 45 • C with RH = 45%, 55%, and 70%, respectively, for 5000 h. After crevice corrosion experiments, the specimens were washed ultrasonically in deionized water and dried carefully. The effect of pressure that the washer applied was not accounted for by the crevice corrosion in the present work. The surface feature was examined by stereomicroscope. The microstructure and corrosion morphologies were investigated by a scanning electron microscope (SEM) equipped with an energy dispersive X-ray spectrometer (EDS) and electron back scattering diffraction (EBSD). Figure 2 shows the surface morphologies of the 304L stainless steel at different levels of relative humidity with 0.1 g/m 2 chloride concentration. Obvious crevice corrosion was observed in the corroded region. Figure 2a -c shows that the rusted areas decreased at RH = 55% but then increased at RH = 70%. This implies that the specimen surfaces had minimum rusted areas at RH = 55%. Figure 3 shows the SEM morphologies of corrosion products at different levels of relative humidity with 0.1 g/m 2 chloride concentration. Figure 3a shows the morphologies of crevice corrosion. Rusts on the specimen correspond to crevice corrosion induced by chloride. Figure 3a -c shows that several rust spots were observed on the specimen, and shallow corrosion was observed under the rust spots. Figure 3b shows that the corroded areas were smaller compared to that shown in Figure 3a ,c. Furthermore, no crack was found in the corroded region at all three different levels of relative humidity, as shown in Figure 3 . Figure 4 shows the surface morphologies of the 304L stainless steel at different levels of relative humidity with 1 g/m 2 chloride concentration. Obvious crevice corrosion was observed in the corroded region. Figure 4a ,b shows that there was little difference for the rusted areas under conditions with relative humidity of 45% and 55%, but the rusted areas obviously increased when the relative humidity increased to 70%, as shown in Figure 4c . Additionally, Figure 4 shows that more severe corrosion was observed at all three different levels of relative humidity compared to that shown in Figure 2 . Figure 5 shows the SEM morphologies of corrosion pits at different levels of relative humidity with 1 g/m 2 chloride concentration. Figure 5a shows the SEM morphologies of corrosion products after 5000 h tests with 1 g/m 2 chloride concentration with RH = 45%. Rusts on the specimen correspond to crevice corrosion induced by chloride. Figure 5a ,b shows that several rust spots were observed on the specimen, and shallow corrosion was observed under the rust spots. Figure 5c shows that the corrosion pits were larger compared to those shown in Figure 5a ,b. Rust spots were also found on the specimen surface as shown in Figure 5c . Figure 6 shows the EDS analysis results of the corroded region with 1 g/m 2 chloride concentration and relative humidity of 45%. The EDS analysis results of the corroded region is listed in Table 3 . The analysis result at point A shows that the sulfur and chlorine contents were too low to be detected at the stainless-steel matrix. The analysis results at points B, C, D, and E show that trace amounts of sulfur and chlorine were found in the oxide products. Moreover, the S content was higher at points B and E compared to that at point A. Sea synthetic water contains sulphates, and it may be the source of sulphur. Figure 6 . Energy dispersive X-ray spectrometer (EDS) analysis results of the corroded region after 5000 h tests with 1 g/m 2 chloride concentration and relative humidity of 45%. It is well known that the Cl − ion is essential in the initiation of crevice corrosion. The CCS mechanism attributes the initiation of crevice corrosion to the accumulation of the aggressive ions, especially Cl − in the crevice, leading to the appearance of highly aggressive local conditions that destroy the passive film of stainless steel [14] [15] [16] . At points C and E, the Cr content was much higher, but Fe content was much lower compared to that at point A. The reason behind the Cr enrichment may be the dissolution of Fe. It is supported by the EDS maps in Figure 8e ,f. Then, points C and E would be local anodes. Additionally, it had much higher Fe content but lower O content at point D compared to that at points B, C and E, which implies that the oxide product was peeled off to reveal the metal surface. The trace amount of residual sulfide was also found at point D. Figure 7 shows the SEM morphologies of stress corrosion cracking at different levels of relative humidity with 1 g/m 2 chloride concentration. Although several rust spots were observed on the specimen and shallow corrosion was observed under the rust spots, no crack was found in the corroded region with relative humidity of 45% as shown in Figure 5a . Figure 7a,b shows that the distinct SCC cracks were observed on the specimen with relative humidity of 55% and 70%. Shoji and coworkers reported that MgCl 2 is the sea salt constituent responsible for promoting low temperature AISCC in types 304L and 316L stainless steels. They observed the AISCC phenomenon in the 25 g/m 2 chloride concentration of sea water [10] . Prosek and coworkers observed the AISCC phenomenon in the 260 g/m 2 chloride concentration of MgCl 2 . The 1 g/m 2 chloride concentration used in our study was much lower compared to that in the literature [10, 11, 13] . There was no SCC at RH = 45% whereas samples exposed at RH = 55 and 70% cracked with 1 g/m 2 chloride concentration. In addition, no crack was found at all three different levels of relative humidity with 0.1 g/m 2 chloride concentration, as shown in Figure 3 . This may be explained by limited chloride transport into the crevice sites at the lowest RH (RH = 45%) with 1 g/m 2 chloride concentration. The chloride may need a higher relative humidity environment to transport into the crevice sites due to the low chloride concentration. However, no crack was found at all three different levels of relative humidity with 0.1 g/m 2 chloride concentration. It may be that the 0.1 g/m 2 chloride concentration was too low to initiate SCC at any tested RH. Thus, these results suggest that the threshold relative humidity for SCC initiation of 304L stainless steel with 1 g/m 2 chloride concentration at 45 • C is between 45% and 55% in this study. The volume increase of corrosion products may generate local stresses beneath the crevice former to cause the occurrence of SCC. Additionally, crack length was found to increase with an increase in relative humidity when comparing Figure 7a to Figure 7b . Figure 8 shows the EDS mapping for the crack region with 1 g/m 2 chloride concentration and relative humidity of 55%. It can be seen that oxygen and chromium were enriched whereas iron was depleted in the crack region. Additionally, Figure 8c shows that sulfur was enriched on the middle right side of the figure where manganese was also enriched at the corresponding site as shown in Figure 8d . Figure 9 shows the EBSD maps for the crack region with 1 g/m 2 chloride concentration and relative humidity of 55%. Figure 9a ,c shows that the type of SCC on the specimen was transgranular SCC (TGSCC). Tani and coworkers reported that TGSCC induced by chlorides was observed at temperature above 50 • C in stainless steel [3] , which agreed well with our results. The kernel average misorientation (KAM) map reveals that high plastic strain around the crack regions and the crack propagation was associated with plastic strain at the crack tip as shown in Figure 9b . Figure 10 shows the EBSD maps for the crack region with 1 g/m 2 chloride concentration and relative humidity of 70%. Figure 10b,d shows that the type of SCC on the specimen was TGSCC, similar to Figure 9a,c. Figure 10c reveals that high plastic strain was around the cracks region. 
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Conclusions
In this research, crevice corrosion behaviors of 304L stainless steel with 0.1 and 1 g/m 2 chloride concentration at 45 • C and different levels of relative humidity were investigated. Efforts were made to evaluate the effects of the relative humidity on the corroded regions and a threshold relative humidity for SCC initiation was proposed based on the experimental results. The results of this research suggest the following conclusions:
(1) When the chloride concentration was 0.1 g/m 2 , the specimen surfaces had minimum rusted areas at RH = 55% and no cracks were found in the corroded region at all three different levels of relative humidity. It may be that the 0.1 g/m 2 chloride concentration was too low to initiate SCC at any tested RH. (2) When the chloride concentration was 1 g/m 2 , there was little or no difference for the rusted area under conditions with relative humidity of 45% and 55%, but the rusted area obviously increased when the relative humidity increased to 70%. Additionally, several rust spots and shallow corrosion were observed, but no crack was found in the corroded region with relative humidity of 45%, whereas the distinct SCC cracks were observed with relative humidity of 55% and 70%. This may be explained by a limited chloride transport into the crevice sites at the lowest RH (RH = 45%) with 1 g/m 2 chloride concentration. The chloride may need a higher relative humidity environment to transport into the crevice sites due to the low chloride concentration. Thus, this suggests that the threshold relative humidity for SCC initiation of 304L stainless steel with 1 g/m 2 chloride concentration at 45 • C is between 45% and 55%. 
